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Electrically insulating, yet  
spin conducting

Antiferromagnetic (AFM) materials, 

thanks to their insensitivity to stray 

magnetic fields and ability to function at 

ultrafast terahertz frequencies, are highly 

promising candidates for future spintronic 

applications. Spintronic devices differ from 

conventional electronics in that they focus 

on the intrinsic spin angular momentum  

of electrons rather than their charge.  

For example, a “spin current” is one that 

propagates, not through the transport of 

charge, but via the transmission of wobbles  

(spin-axis precession) from one electron  

to another. 

Insulating AFM materials have been 

shown to be particularly efficient at trans-

porting spin current while blocking the 

flow of charge, which greatly reduces the 

power losses associated with moving 

electrons. One of the most intriguing un- 

answered questions about AFM materials 

is whether they can transport spin infor-

mation coherently—using spin waves with  

a fixed phase relationship—since this 

would provide an additional degree of 

freedom (i.e., the phase) with which to 

encode information.

Antiferromagnetic  
spin-current amplifier

Insulating antiferromagnetic NiO thin 

films have received particular attention 

recently because they not only transmit 

spin currents, they can also amplify them. 

This unique property of NiO has been  

the subject of intense debate, and it  

has remained unclear how spin angular 

momentum can be amplified while  

passing through the AFM. 

To solve this puzzle, a team of 

researchers focused on the time-varying 

(ac) component of the spin current, in 

contrast to previous studies that focused 

on the time-averaged (dc) spin current.  

An antiferromagnetic NiO spacer layer 

was sandwiched between two ferromag-

netic layers, which acted as the source 

(NiFe) and receiver (CoFe) of a gigahertz- 

frequency spin current, allowing the spin 

current propagating through the AFM to 

be quantified. A similar geometry was  

used in an earlier ALS experiment, but 

using a nonferromagnetic material as the 

spacer layer. 

Probing the flow of spins

At ALS Beamline 4.0.2 and Diamond 

Light Source Beamline I10, the researchers 

conducted x-ray ferromagnetic resonance 

(XFMR) experiments using x-ray circular 

magnetic dichroism (XMCD) and also x-ray 

linear magnetic dichroism (XMLD) to 

explore the dynamic and static magnetic 

Scientific 
Achievement
Researchers using the Advanced 
Light Source (ALS) discovered how 
pure spin currents (also known as 
spin waves) can be efficiently and 
coherently transmitted through an 
electrically insulating antiferromag-
netic material.

Significance  
and Impact
The work represents a notable mile-
stone in the use of antiferromagnetic 
materials for low-power spintronic 
devices at room temperature.

Schematic of the experiment. An oscillating external magnetic field (H
rf

) induces the magnetization 

of the source layer to precess, generating a spin current (I
ac

) across the antiferromagnetic layer (NiO). 

The amplitude and phase of the precession in the source and receiver layers can be detected inde-

pendently using circularly polarized x-rays.



properties of the source/AFM/receiver 

trilayer system. This unique experimental 

technique allowed both the amplitude and 

phase of the ac spin current propagating 

through the NiO layer to be quantified.

The data demonstrated that, not only 

is the spin current transmitted coherently, 

but at a particular NiO thickness (2 nm), 

the magnitude of the ac spin current was 

amplified to nearly twice the value it had 

without the AFM spacer layer. The results 

are in agreement with a theoretical model 

based on the excitation of evanescent spin 

waves: exponentially decaying waves that 

can “tunnel” through a material boundary. 

Specifically, the underlying mechanism 

involves the excitation of two linearly 

polarized spin waves in the AFM. This 

enables the transfer of angular momentum 

between the crystal lattice of the AFM 

layer and the spins, which can lead to ampli-

fication of the spin current at certain AFM 

layer thicknesses. This experimental reali-

zation of the amplification of a coherent 

spin current at the nanoscale and at room 

temperature advances the use of antifer-

romagnets toward realistic applications in 

information processing.
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(a) X-ray ferromagnetic resonance (XFMR) data for the receiver layer in samples 

with NiO thicknesses of 0, 2, 4, and 6 nm. (b) Dependence of the spin-current trans-

mission efficiency (I
ac

/I
ac(0)

) on NiO thickness (the spin current is normalized to I
ac(0)

, 

the value for the sample with 0 nm of NiO). The solid line shows the fit to an evanes-

cent spin-wave model.
Maciej Dąbrowski, Andreas Frisk, David Burn, and Takafumi 

Nakano at ALS Beamline 4.0.2.
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